Previous investigations have indicated that topical azelaic acid has bene®cial effects in rosacea. This 3-month randomized, double-blind, multicentre study compared the ef®cacy and safety of azelaic acid 20% cream with its vehicle, in the treatment of papulo-pustular rosacea. A total of 116 patients were enrolled in the study and medication was applied twice daily. Azelaic acid cream produced signi®cantly greater mean reductions in total in¯ammatory lesions than did vehicle (azelaic acid: 73.4%; vehicle: 50.6%; (p~0.011), and erythema severity score (azelaic acid: 47.9%; vehicle: 37.9%; (p~0.031). Azelaic acid cream treatment also resulted in signi®cantly more favourable overall improvements than vehicle in both physician (p~0.020) and patient ratings (p~0.042). Neither azelaic acid cream nor vehicle produced any clinically relevant improvement in telangiectasia. Local adverse events were transient and mainly mild or moderate, and rates were similar for azelaic acid cream (39.5%) and vehicle (38.5%). Burning was the symptom most frequently reported. More than 90% of patients rated the overall local tolerability of their treatment as good or acceptable. In conclusion, azelaic acid 20% cream is effective and well tolerated in the treatment of papulo-pustular rosacea.
Rosacea is a common, chronic dermatosis characterized by facial¯ushing, erythema, telangiectasia, in¯ammatory episodes with papules and pustules and, in severe cases, rhinophyma. Little is known about the pathogenesis of rosacea, but microcirculatory dysfunction associated with abnormalities in the perivascular connective tissue as well as in the in¯ammatory mechanism are considered to be key factors (1, 2) .
The current standard pharmacotherapies for rosacea include topical and oral antibiotics, topical and oral metronidazole, and oral isotretinoin, depending on the type and severity of the disease (2, 3) . All are successfully able to attenuate the symptoms of rosacea, but their use may be limited by side effects, including gastrointestinal problems (antibiotics) and systemic toxicity (isotretinoin, oral metronidazole).
Azelaic acid, a naturally occurring dicarboxylic acid, is currently used in the treatment of acne and hyperpigmentation (4 ± 6). However, previous investigations have indicated that azelaic acid therapy also has bene®cial effects in rosacea (7, 8) .
Thus, the present study compared the ef®cacy and safety of azelaic acid 20% cream with its vehicle, in the treatment of papulo-pustular rosacea.
MATERIALS AND METHODS

Study design
The study was a multicentre, randomized, double-blind, parallel group comparison between azelaic acid 20% cream (Skinoren 1 , Schering AG; Azelex 1 , Allergan Inc.) and its vehicle. To reduce the number of patients receiving vehicle, a ratio of 2 : 1 was chosen, resulting in a random allocation of 77 patients receiving azelaic acid cream and 39 patients receiving vehicle. All patients gave informed consent prior to the beginning of the trial and were free to terminate their participation at any time. The Declaration of Helsinki and its revisions was followed.
Study population
Male and female (not pregnant or nursing) patients enrolled for the study had grade 2 rosacea (Mills and Kligman classi®cation) with at least 10 in¯ammatory lesions (papules and pustules), persistent erythema and telangiectasia, and were at least 18 years of age. Patients were not eligible if they had a mild form of rosacea (grade 1) characterized by a transient¯ushing only or by the absence of papules and/or pustules; or had severe forms of rosacea (grade 3) complicated by rhinophyma. Other exclusion criteria comprised marked ophthalmic complications, steroid rosacea, diseases and medications which obscured the course and evaluation of rosacea, and hypersensitivity to the ingredients of the study medications.
Study protocol
In order to avoid any carry-over effects from preceding therapy, there was a wash-out period of 2 weeks following topical rosacea treatment or 4 weeks following systemic rosacea treatment. The assignment of study medication was random. Patients applied either azelaic acid cream or its vehicle to the affected areas in the morning and evening for 3 months.
At baseline, general patient data including demographics and previous rosacea history, and baseline severity of rosacea were recorded. During the treatment phase, the therapeutic progress was assessed at monthly intervals (after 1, 2, and 3 months). All evaluable patients were considered in a global evaluation of the results achieved at the end of therapy. Treatment ef®cacy was assessed by counting the number of in¯ammatory papules and pustules and rating erythema and telangiectasia. The degree of erythema and telangiectasia was rated in terms of integer scores on a scale of 0~none to 6~severe. Each visit included an assessment of local and systemic adverse events as determined by both the patient and physician. At the end of therapy, overall improvement was determined as either complete remission, marked improvement, moderate improvement, no improvement or deterioration. For evaluation the latter two overall ratings were combined as``poor''. Also at the end of therapy, patients were queried as to the study medication's ef®cacy compared with previous therapy, its cosmetic characteristics and general local tolerance.
Statistical analysis
All evaluable patients (completed and withdrawals) were included in a con®rmatory intent-to-treat (ITT) analysis of treatment differences with the results achieved at their last on-therapy assessment; in withdrawals the last observation was carried forward (LOCF).
Additionally, the results at the monthly visits were analysed exploratory for treatment differences; analysed Wilcoxon's rank sum test (twotailed) was used in the analyses of the changes from baseline in in¯ammatory lesions (papules and pustules), erythema and telangiectasia. Overall improvement was analysed with Fisher's exact test.
The level of signi®cance was set at pv0.05, with a power (1-b)~0.9.
RESULTS
Patient characteristics
Apart from slight differences in the distribution of patients with regard to gender, the patient baseline characteristics (Table I) were similar for both treatment groups with regard to demographic data and disease activity (in¯ammatory lesions, erythema and telangiectasia score). The overall mean age for enrolled patients was 49 years, the overall mean previous duration of rosacea was 5.5 years. Approximately 75% of all patients had been previously treated for rosacea. In the azelaic acid group, there were nearly equal numbers of males (52.6%) and females (47.4%). In the vehicle group, there were higher numbers of females (60.5%) than males (39.5%).
Two patients out of the total of 116 enrolled were excluded from evaluation: 1 due to a protocol violation and 1 because the patient only attended the baseline evaluation. Of the 114 evaluable patients, 82.8% completed the full 3-month course of treatment, while 17.2% were prematurely discontinued. Of those discontinued, the majority was due to adverse events or lost to follow-up. Five patients in the azelaic acid group were discontinued due to one or more of the following symptoms: burning, erythema, skin irritation or contact dermatitis. One patient in the vehicle group was discontinued due to skin irritation and erythema.
In¯ammatory lesions
Azelaic acid cream produced signi®cantly greater reductions than vehicle in total in¯ammatory lesion count (Fig. 1) . From baseline to the last on-therapy assessment, the mean decrease in the sum of papules and pustules was 73.4% in the azelaic acid group (mean count at baseline~30.8; last on-therapy count~8.3) compared with 50.6% (mean count at baseline~31.7; last on-therapy count~15.3) in the vehicle group (p~0.011). Treatment difference was also noted in the completed patients at the month 3 examination (p~0.012).
With regard to the single type of in¯ammatory lesions between-group differences were evident for papules but not for pustules. A mean overall decrease in papules of 71.5%
(mean count at baseline~22.9; last on-therapy count~6.6) was found in the azelaic acid group, compared with 46.5% (mean count at baseline~23.4; last on-therapy count~12.8) in the vehicle group. Signi®cant treatment differences were observed after 2 months (p~0.023) and 3 months (p~0.016) of treatment and for the reductions at the last on-therapy assessment (p~0.013).
The mean reduction in pustules achieved for the last ontherapy visit was 81.9% (mean count at baseline~7.9; last ontherapy count~1.7) in the azelaic acid group, compared with 70.1% (mean count at baseline~8.2; last on-therapy count~2.5) in the vehicle group. No signi®cant treatment differences were found for the reduction in pustules.
Erythema and telangiectasia
Azelaic acid produced a signi®cantly greater reduction in erythema than did the vehicle. By the last on-therapy assessment, a mean reduction of 47.9% in erythema severity score was achieved with azelaic acid compared with 37.9% with vehicle (p~0.031). Moreover, the change in erythema severity was rated as``better'' by slightly more azelaic acidtreated patients (87.5%) than vehicle-treated patients (78.4%).
There was no signi®cant between-group difference for telangiectasia (p~0.979). At the last on-therapy visit, azelaic acid produced a mean reduction of 22.3% in the telangiectasia score, while vehicle produced a 23.5% reduction. The change in telangiectasia severity was rated as``better'' by approximately 54% of both azelaic acid-treated and vehicle-treated patients.
Overall evaluations
Azelaic acid treatment resulted in signi®cantly more favourable overall improvements at the last on-therapy assessment visit than did vehicle in both physician (p~0.020; Fig. 2A ) and patient ratings (p~0.042; Fig. 2B ). In the physician's rating, 79.7% of patients in the azelaic acid group achieved either a complete remission or a marked improvement compared with 54.0% in the vehicle group. In patient's ratings, 82.1% in the azelaic acid group reported either a complete remission or a marked improvement compared with 58.3% in the vehicle group. There were fewer reports of poor results (no improvement or deterioration) with azelaic acid than with vehicle: 6.8% (physician's rating) and 9.5% (patient's rating) in the azelaic acid group compared with 27.0% (physician's rating) and 27.8% (patient's rating) in the vehicle group reporting poor results. More patients treated with azelaic acid (64.4%) than with vehicle (42.9%) reported that their medication was better than previous treatments. Furthermore, 89.0% of patients in the azelaic acid group and 88.6% of patients in the vehicle group reported that the cosmetic acceptability of their treatment was very good or good. There were no signi®cant between-group differences for any patient survey results.
Adverse events
No serious and no systemic adverse events were reported during the study in either treatment group. There were no signi®cant between-group differences for any adverse event measure reported; cutaneous adverse signs and symptoms were observed in 39.5% of patients (30/76) in the azelaic acid group and 38.5% of patients (15/39) in the vehicle group. In 4 patients (5.3%) of the azelaic acid group and 6 patients (15.4%) allocated to vehicle, local untoward symptoms were noted prior to treatment. The incidence rate was highest during the ®rst month, then decreased throughout the study period (Fig. 3) . Most of the local adverse events were rated as`m ild'' (azelaic acid: 18/30; vehicle: 11/15) or``moderate'' (azelaic acid: 7/30; vehicle: 3/15), and the majority of the adverse events for both groups were rated as``transient'' in duration. Furthermore, the overall local tolerability of treatment was rated as acceptable or good by 91.7% of azelaic acid-treated patients and 91.4% of vehicle-treated patients. Table II summarizes treatment-related adverse events. Fig. 2 . Overall improvement at the end of therapy. Azelaic acid led to signi®cantly better overall improvement than did vehicle in the investigator rating (A) (p~0.020), and in the patient rating (B) (p~0.042). Fig. 3 . Incidence rate of local adverse events during the study. In both treatment groups the incidence rate was highest during the ®rst month. Untoward symptoms were also noted prior to treatment. Azelaic acid and vehicle produced similar incidence rates of burning, itching, facial oedema, skin dryness, skin feeling hot, tightness of skin and scaling. Burning was the most commonly reported symptom for both groups (azelaic acid, 26.3%; vehicle, 23.1%). Skin irritation was slightly more common in the vehicle group (azelaic acid, 5.3%; vehicle, 10.3%) while stinging was slightly more common in the azelaic acid group (azelaic acid, 7.9%; vehicle, 2.6%).
DISCUSSION
This study demonstrated the effectiveness and safety of azelaic acid 20% cream in the treatment of papulo-pustular rosacea. Both azelaic acid cream and vehicle led to clinically relevant improvements. While no signi®cant treatment differences were found after the ®rst month of treatment, the statistical analysis showed signi®cant differences favouring azelaic acid cream after the second and in particular after the third month. Thus, signi®cantly greater reductions in in¯ammatory lesions and erythema (the primary ef®cacy variables) and signi®cantly better physician's and patient's overall improvement ratings were found with topical azelaic acid. With regard to the single type of in¯ammatory lesions, treatment differences were evident for papules but not for pustules. The lack of signi®cant treatment difference for the pustules may relate to the relatively low number of lesions in both treatment groups and the possibility of a rupture of the pustules during the application procedure. Neither treatment produced any major improvement in telangiectasia. This ®nding was not surprising since there is no known pharmacological basis for an effect of azelaic acid on the underlying vascular component of rosacea. Rather, electrosurgery or laser techniques are the standard treatment strategy for the obliteration of the ectatic vessels (1) .
While numerous studies have demonstrated the ef®cacy and safety of topical azelaic acid in the treatment of acne and hyperpigmentation (4, 5, 9) , its signi®cance in rosacea therapy has yet to be de®ned, due to the paucity of clinical data. An open study by Nazzaro-Porro et al. in 33 rosacea patients (7) showed a progressive reduction in the number of in¯amma-tory lesions and in the severity of erythema; histologically a reduction in epidermal and dermal in¯ammatory reactions, an absence of very dilated vessels and a reduction in the pathological changes in the perivascular matrix was noted. The results of the present investigation were in good agreement with results of a previous intra-individual splitface comparison of azelaic acid 20% cream and its vehicle, showing signi®cant differences in favour of azelaic acid, both for the decrease in in¯ammatory lesions, erythema and complete remission or marked improvement (azelaic acid: 78.2%; vehicle: 31.2%). Also here, no effect on telangiectasia was noted (8) .
Azelaic acid was safe and was not associated with any serious adverse events. Only 5 patients in the azelaic acid group and 1 patient in the vehicle group were discontinued due to treatment-related local adverse events. As with most topical medications, cutaneous signs and symptoms were observed. The overall incidence rate observed with the vehicle was equal to that of azelaic acid (approximately 39%), probably re¯ecting the typically high skin sensitivity of rosacea patients. In fact, it is not uncommon to have a high degree of skin irritation even without rosacea treatment (8) . The incidence rate was highest during the ®rst month then decreased throughout the study period, a pattern typical of azelaic acid treatment (9) . The majority of patients in both groups experienced only mild or moderate adverse events. The rate of marked local adverse symptoms did not exceed 7% in either group, which is well within the range of 5 ± 10% established in acne patients treated with azelaic acid (9) . Furthermore, local tolerability was rated highly in both treatment groups.
In acne, the ef®cacy of azelaic acid is attributed to its antimicrobial effects on follicular bacteria and its ability to normalize the disturbed follicular keratinization (5). However, in rosacea there is no evidence of bacterial involvement or follicular dyskeratinization. In vitro studies have shown that azelaic acid may exert anti-in¯ammatory effects by inhibiting the formation as well as scavenging neutrophil-generated reactive oxygen radicals (10, 11) . Since in¯ammation is important in the pathogenesis of rosacea, it is possible, therefore, that the anti-in¯ammatory activity of azelaic acid may account for its bene®cial effect in rosacea.
Future clinical studies, including combination with other agents, may contribute to de®ning an optimal role for azelaic acid in rosacea treatment strategies.
